To clarify the role of previous lung diseases (chronic bronchitis, emphysema, pneumonia, and tuberculosis) in the development of lung cancer, the authors conducted a pooled analysis of studies in the International Lung Cancer Consortium. Seventeen studies including 24,607 cases and 81,829 controls (noncases), mainly conducted in Europe and North America, were included . Using self-reported data on previous diagnoses of lung diseases, the authors derived study-specific effect estimates by means of logistic regression models or Cox proportional hazards models adjusted for age, sex, and cumulative tobacco smoking. Estimates were pooled using random-effects models. Analyses stratified by smoking status and histology were also conducted. A history of emphysema conferred a 2.44-fold increased risk of lung cancer (95% confidence interval (CI): 1.64, 3.62 (16 studies)). A history of chronic bronchitis conferred a relative risk of 1.47 (95% CI: 1.29, 1.68 (13 studies)). Tuberculosis (relative risk = 1.48, 95% CI: 1.17, 1.87 (16 studies)) and pneumonia (relative risk = 1.57, 95% CI: 1.22, 2.01 (12 studies)) were also associated with lung cancer risk. Among never smokers, elevated risks were observed for emphysema, pneumonia, and tuberculosis. These results suggest that previous lung diseases influence lung cancer risk independently of tobacco use and that these diseases are important for assessing individual risk.
sources of inflammation in lung tissue (9, 10) . The resulting inflammation has been suggested to increase the risk of lung cancer (11) (12) (13) , and these diseases may act as catalysts in the development of lung neoplasms (14, 15) . The associations between COPD (emphysema and/or chronic bronchitis), pneumonia, and tuberculosis and lung cancer have been investigated previously; however, a recent meta-analysis of the literature showed that most of the studies were smallscale initiatives-65% were identified as having fewer than 500 cases (16) . In addition, the meta-analysis was not able to address the issues of standardized covariate adjustment, and data on never smokers and histologic type were limited. To address these limitations, we conducted a pooled analysis using primary data from 17 studies included in the International Lung Cancer Consortium to examine the risk of lung cancer associated with previous lung diseases.
MATERIALS AND METHODS

Data collection
Requirements for inclusion of studies in the International Lung Cancer Consortium and other details have been previously published (17) and are available on the Consortium's website (http://ilcco.iarc.fr). Investigators from 17 participating studies (out of 52 studies included in the Consortium) contributed data on previous lung diseases and agreed to participate in this pooled analysis (Table 1) .
There was 1 population-based cohort study and 16 casecontrol studies, of which 9 were population-based, 4 were hospital-based, and 3 had mixed controls (where both population and hospital-based controls were sampled). Eleven studies were conducted in North America, 5 in Europe, and 1 in China; the dates of the studies ranged from 1984 to 2011. The control groups in all of the case-control studies were, at a minimum, frequency-matched with cases on age and sex. Written informed consent was obtained from all study subjects, and ethics review boards at each study center approved the study protocols. The data submitted from all 17 studies were checked for missing values, inadmissible values, aberrant distributions, and inconsistencies. Queries were sent to the investigators to resolve all discrepancies and possible errors. Subjects with unknown age or sex were excluded from the analysis (n = 6). A total of 24,607 cases and 81,829 controls were available for the present investigation. Previous lung diseases were based on self-reported status of being previously diagnosed with chronic bronchitis, emphysema, pneumonia, or tuberculosis by a physician. Two of the studies asked open-ended questions about previous lung diseases, where responses were recorded using free text (18) or were coded using International Classification of Diseases, Ninth Revision, codes (19) . Dichotomous variables were created for each of the previous lung diseases. Several studies also recorded the date of diagnosis of the disease (18, (20) (21) (22) (23) (24) (25) (26) (27) (28) . Detailed descriptions of the 17 study populations within this analysis have been published elsewhere (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . Four of the studies had previously reported effect estimates for prior lung diseases (18, 25, 30, 35) and were included in the previous meta-analysis (16) , whereas the other 13 studies (88% of the pooled study population) represented new data and were not included in the previous meta-analysis (Table 1) .
Statistical methods
The frequency distributions of demographic variables and putative risk factors for lung cancer, including age, sex, ethnicity, and smoking, were examined among cases and controls combined. The ethnicity of the subjects was categorized according to the National Institutes of Health definition as non-Hispanic white, black or AfricanAmerican, Hispanic or Latino, Asian, Native Hawaiian or Pacific Islander, American Indian, or other. Former smokers were defined as smokers who had quit smoking at least 2 years before the interview or diagnosis. Never smokers were defined as persons who had smoked fewer than 100 cigarettes over their lifetime. Cumulative tobacco smoking was calculated as the product of smoking duration and intensity throughout the life course, standardized across studies and expressed as pack-years.
For those studies that recorded the date of lung disease diagnosis, indicator variables for whether the diagnosis had been made 5 years or 10 years before the date of cancer diagnosis or control interview were created. For case-control studies, we estimated odds ratios and their associated 95% confidence intervals for the relation of each previous lung disease with lung cancer, using unconditional logistic regression, adjusting for age, sex, cumulative tobacco smoking (in pack-years), and country (when the study participants were from multiple countries). For the cohort study (20) , we used Cox regression (with time since study entry as the time scale) to estimate hazard ratios, adjusted for age, sex, and pack-years, and their associated 95% confidence intervals for each previous lung disease. Follow-up time at risk was calculated as the time between study entry and lung cancer diagnosis (for cases) or the last known date of query (for noncases) from the cancer registry. Although we estimated hazard ratios or odds ratios across study sites, we refer to all effect estimates henceforth as relative risks for consistency.
When information on cumulative tobacco smoking was missing (<1%), it was imputed using the median of the study-specific control population for the smoking group (never/former/current) of the individual. We estimated pooled effects across studies, employing random-effects models to account for variability between study populations. Studies in which the odds ratio could not be estimated because of small numbers in one or more of the 4 categories in the 2 × 2 table of case-control status and history of previous lung diseases were omitted. We conducted an analysis stratified by smoking status to investigate the potential modifying effects of smoking or differential etiology across smoking groups. We also compared effect estimates across histologic subtypes to search for differential effects. We adjusted estimates for other lung diseases; however, since not all studies collected data for all diseases, this limited the sample in which we could conduct such an analysis. Subgroup analyses for large cell carcinoma are omitted from the results because there were very small numbers of cases in most studies and risk measures could not be estimated across studies unless data were pooled as a single study. We estimated population attributable fractions for each of the previous lung diseases based on the pooled adjusted effect estimates and the proportion of exposed persons among the cases (36) .
Heterogeneity was evaluated for each of the summary estimates based on a test of the Cochrane Q statistic as well as the I 2 statistic (37). Where there was evidence of heterogeneity across studies, we evaluated the source of heterogeneity by means of meta-regression using control type, prevalence of ever smoking among controls, median year of the study period, and continents as predictors. If the heterogeneity could not be accounted for by the different study characteristics, we conducted an influence analysis to evaluate the source of heterogeneity from single studies using Galbraith plots (38) and Q statistics through an iterative process. Statistical analyses were conducted using SAS, version 9.1 (SAS Institute Inc., Cary, North Carolina), and STATA, version 10 (StataCorp LP, College Station, Texas).
RESULTS
The demographic distribution of the pooled data set for previous lung diseases is displayed in Table 2 . The majority of cases were Caucasian, male, and over the age of 60 years. As expected, there was a much higher proportion of never smokers among the controls. Adenocarcinoma and squamous cell carcinoma were the most commonly characterized histologic subtypes among cases in the pooled population. The prevalences of the 4 lung diseases examined among cases and controls across studies/centers, smoking groups, and histology groups are shown in Table 3 .
Overall, all of the 4 previous lung diseases examined were associated with increased incidence of lung cancer when adjusted estimates were examined individually.
Specifically, a previous diagnosis of emphysema was associated with increased risk overall, based on 16 studies (relative risk (RR) = 2.44, 95% confidence interval (CI): 1.64, 3.62; I 2 = 89.37%), and when stratified according to never (RR = 2.21, 95% CI: 1.00, 4.90; I 2 = 88.52%) or ever (RR = 2.25, 95% CI: 1.50, 3.37; I 2 = 44.28) smoking. The study-specific estimates, as well as estimates for subgroups of smoking status and histology, are shown in Figure 1 . There was evidence of heterogeneity across studies that was not clearly explained by a single source (i.e., control type, proportion of ever smokers, time period, continent-all contributed (P < 0.001)). When we removed the outlying (Figure 2 ). There was no evidence of heterogeneity across the 13 studies (P = 0.111). After adjustment for other previous lung diseases, the risk ratio for chronic bronchitis was 1.25 (95% CI: 1.05, 1.56; I 2 = 60.70%) (data not shown). When the effects of chronic bronchitis and emphysema were examined as a measure of COPD, the combined overall effect of COPD was a relative risk of 1.93 (95% CI: 1.48, 4.89; I 2 = 89.54%) (data not shown).
A previous diagnosis of pneumonia was associated with increased risk overall, based on 12 studies (RR = 1.57, 95% CI: 1.22, 2.01; I 2 = 93.00%), and when stratified according to never (RR = 1.35, 95% CI: 1.12, 1.63; I 2 = 23.01%) or ever (RR = 1.55, 95% CI: 1.16, 2.06; I 2 = 93.18%) smoking (Figure 3 ). There was evidence of heterogeneity across studies that was not clearly explained by a single source (P < 0.001). When we removed the outlying studies (18, 20, 27, 29, 30) as indicated by the Galbraith plot (Web Figure 2) , we observed a slight attenuation in the pooled effect estimate (RR = 1.39, 95% CI: 1.27, 1.52; I 2 = 14.28%). After adjustment for other previous lung diseases, the relative risk for pneumonia was 1.42 (95% CI: 1.09, 1.86; I 2 = 93.13%) (data not shown). A previous diagnosis of tuberculosis was associated with increased risk overall, based on 16 studies (RR = 1.48, 95% CI: 1.17, 1.87; I 2 = 54.27%), and among ever smokers (RR = 1.36, 95% CI: 1.05, 1.75; I 2 = 47.96%) (Figure 4 ). We also observed an elevated risk among never smokers Table 1 ). There was evidence of heterogeneity across studies (P = 0.005); however, when we examined the Galbraith plot, it appeared that the heterogeneity was due to only 1 outlying study (40) (Web Figure 3) . When this study was removed, a slight elevation in the pooled effect estimate was observed (RR = 1.56, 95% CI: 1.24, 1.96; I 2 = 34.95%). After adjustment for other previous lung diseases, the relative risk for tuberculosis was 1.31 (95% CI: 1.03, 1.56; I 2 = 50.99%) (data not shown).
In those studies where multiple diseases were investigated, we examined the risk associated with having multiple lung diseases. There was a dose-response relation with increasing number of previous lung diseases (P-trend < 0.001). The relative risk associated with having 1 disease was 1 Population attributable fraction estimates for the diseases investigated ranged within the combined population from 0.9% for tuberculosis to 8.3% for pneumonia, with studyspecific estimates varying according to population disease prevalence (tuberculosis, 0.29%-9.76%; chronic bronchitis, 3.63%-30.28%; emphysema, 1.20%-17.90%; pneumonia, 0.51%-44.11%). Among never smokers as a combined group, having had any of the previous lung diseases of interest conferred an attributable fraction of 5.91% (Web Table 2 ).
DISCUSSION
In this investigation into the effects of previous lung diseases on lung cancer risk, we found associations with increased cancer risk for each of the diseases of interest. Comparisons among all histologic subgroups were consistent with increases in risk observed overall, with the exception of squamous cell carcinoma among persons with tuberculosis. Risk estimates were consistent across smoking subgroups; estimates were elevated in all subgroups, with the exception of chronic bronchitis. Our results among never smokers suggest an effect of previous lung diseases 
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The results of this pooled analysis corroborate the results of the previous meta-analysis suggesting that there was a large difference in the prevalence of COPD/emphysema among cases and controls (16) . This difference in prevalence among cases and controls may explain/confound the differential effects observed in genetic epidemiologic studies of lung cancer in which inconsistent effects have been observed among populations of similar genetic ancestry (41) or may act as mediators in the associations between the variants and lung cancer risk (42) . Although chronic bronchitis and emphysema are commonly grouped together as COPD, we calculated detailed results for each condition separately in order to allow for differential effects of these two conditions, which have different pathologies and etiologies. Because we observed independent effects of both of these diseases when adjusting for the other in a fixedeffects analysis, we felt this to be a beneficial approach.
Reverse causality and the issue of temporality are paramount to the consideration of causality for these associations. It is certainly possible that some of the conditions were early manifestations or symptoms of lung cancer that were misdiagnosed, particularly for emphysema and chronic bronchitis. For pneumonia and tuberculosis, infections may have been the result of a weakened immune system due to lung cancer. In addition, tumors may have been interpreted as lesions from infections prior to cancer diagnosis. To address these issues, we conducted a latency analysis which found that diagnoses of the previous lung diseases more than 5 years and more than 10 years prior to cancer diagnosis were positively associated with lung cancer incidence. This suggests that reverse causality is not likely to fully explain these associations. For example, when the analysis was restricted to the conditions diagnosed 10 years prior to lung cancer, chronic bronchitis remained associated with an increased risk of lung cancer (RR = 1.45, 95% CI: 1.08, 1.95). Complete results of latency analyses are available in Web Table 3 . Note that in the cohort study included in this analysis (20) , both lung disease and smoking status were ascertained at baseline and the average follow-up time to diagnosis/censoring was approximately 7 years.
The use of self-reports for measuring previous lung diseases may have introduced misclassification bias into the studies included in the pooled analysis. Quantitative techniques for each of the previous lung diseases are presently available for improved diagnostic accuracy and disease classification; however, these were not employed in any of the component studies of the analysis. When effect estimates obtained using quantitative diagnostic tools for COPD (forced expiratory volume in 1 second, quantitative computed tomography, or radiographic evidence), pneumonia (microimmunofluorescence), and tuberculosis (radiography) were pooled in the previous meta-analysis (16) , the risk estimates derived using quantitative techniques were consistent with those derived using self-reported diagnoses. The similarity between effect estimates from the cohort study included in the analysis and the pooled case-control estimates (results not shown) suggests that potential bias due to misclassification of exposure, recall bias, and reverse causality may not explain the associations completely. Although none of the studies contained in this analysis validated self-reports with medical records, self-reported COPD has been shown to have a high level of agreement with spirometry results (43, 44) . Despite the reports of these previous studies, misclassification of exposure may have produced underestimation of the burden due to the exposures, since several investigations have shown that COPD/emphysema is present in many lung cancer patients who do not report a history of COPD (45) (46) (47) .
For pneumonia, the question of persistence of inflammation arising from a condition with clinical transience should be addressed. Because this investigation did not contain information on the number of infections or the length and/or intensity of infection, it is difficult to conceptually include pneumonia with the other diseases in terms of persistence of inflammation. However, murine models have suggested that infection from Mycoplasma pneumoniae can lead to long-term changes in peribronchial histopathology (48) , pulmonary airflow resistance, and elevated inflammatory biomarkers long after active infection clears (49) . This suggests that inflammation resulting from pneumonia may be 
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It is also possible that our results, particularly among never smokers, may have been confounded from exposure to other agents such as secondhand smoke or other occupational exposures. Secondhand smoke has been associated with increased risk of lung cancer (50) and may be related to previous lung diseases (51) . However, it is unlikely to fully explain the large effects associated with several of the previous lung diseases. When we adjusted for secondhand smoke in our analysis among never smokers, the results remained, with risk estimates changing only slightly. For example, the relative risk associated with pneumonia among never smokers changed marginally from 1.35 to 1.45. In addition, occupational exposures may have acted as confounders in the associations tested, as they have been associated with lung cancer (52, 53) . We examined the inclusion of restricted cubic splines to check for nonlinearity in both age and smoking ( pack-years) as covariates in the association models. As was previously observed (54), nonlinear components for age and smoking were significant in the models, suggesting a deviation from linear fit; however, the effect estimates for the lung diseases pooled across studies changed minimally. Therefore, we retained linear terms in the models to avoid overdispersion in small studies when examining the within-study effects.
For those instances where heterogeneity was observed in the overall estimates (emphysema, pneumonia, tuberculosis), removal of the outlying studies led to only slight differences in the pooled estimates. For emphysema and pneumonia, where more than one study was contributing to heterogeneity, meta-regression suggested that several sources, including continent, control type, and proportion of ever smokers, all accounted for some portion of the heterogeneity (results not shown). In subgroup analyses where more than 3 studies were included in a pooled estimate, the only major difference was seen for emphysema between Europe and North America (Web Table 1 ). For emphysema, differences by continent of study may be a product of different diagnostic practices across populations, since diagnostic criteria for COPD differ across continents. More specifically, the diagnostic guidelines of the British Thoracic Society and the American Thoracic Society lead to marked differences in the prevalence of COPD when applied to the same population (55) . Diagnostic differences across study locations that are not discernable from questionnaires may also explain some portion of the heterogeneity. Although these differences in diagnostic practice should produce nondifferential variation in disease status classification across cases and controls, the potential of this to influence the results should not be precluded. Several studies included in this analysis displayed COPD (emphysema/chronic bronchitis) prevalence higher than that in the community at large (Web Table 2 ), where it is often largely undiagnosed (56) . For emphysema, control source contributed significantly to heterogeneity, suggesting that the differences in diagnosis in population-based settings compared with hospital-based settings may affect the prevalence of disease reported and therefore the magnitude of estimates and associated population attribution measures.
Strengths of this investigation include the large sample size and the large number of exposed persons. The use of random-effect models, although it provides wider confidence intervals, reduces the likelihood of larger studies' overly affecting pooled estimates when combining data across studies by estimating both within-and across-study variance. The inclusion of prospective data is also a strength of this pooled analysis, although the number of cases collected prospectively was comparatively smaller, whereby the biases associated with case-control studies could be comparatively evaluated.
In conclusion, we observed elevated lung cancer risks associated with previous diagnoses of emphysema, chronic bronchitis, pneumonia, and tuberculosis in this pooled analysis of primary data. The observation of relatively consistent associations between several of the previous lung diseases and lung cancer risk across smoking groups, histologic subtypes, and study designs supports a direct association with lung cancer, reducing the likelihood of confounding by tobacco exposure. The most likely explanation for the increased risk associated with these diseases is the effect of the inflammatory response within lung tissue. Recent evidence has suggested that inflammation plays a pivotal role in the development of lung cancer (12, 57, 58) . Inflammation may increase the risk of cancer development as an initiator or promoter through 3 processes: increased genetic mutation, antiapoptotic signaling (59) , and angiogenesis (14) .
Whether acting as promoters in the causal pathway or as causative agents, these diseases appear to be markers of risk for the development of lung cancer that are clinically relevant. Most importantly, when considered as a group, the lung diseases examined in this pooled analysis affect large numbers of persons. In the United States, the prevalence of emphysema is 18.5 per 1,000 persons, and the prevalence of chronic bronchitis is 43.0 per 1,000 (60). Although the incidence of pneumonia in the United States is unknown, there were approximately 1.4 million hospital discharges associated with pneumonia in 2005 (61) . While the incidence of tuberculosis in North America is low (4.8 per 100,000 population per year) (62) , in developing nations the disease affects millions. In Europe and Asia, these conditions collectively affect millions of persons, and thus the exposed population is large (63) . Therefore, the positive associations between the lung diseases examined and lung cancer risk are of substantial public health importance, and the consistent associations suggest that a nontrivial proportion of all lung cancer cases are attributable to these other lung diseases or their underlying pathologies.
The previous lung diseases examined in this investigation are significant for both public health and clinical practice. The development of lung cancer risk prediction models (54, 64, 65) should continue to incorporate the lung diseases examined in this analysis for improved discriminatory ability among all patients, regardless of smoking history. The United Kingdom Lung Cancer Screening Trial, which uses computed tomography to screen for lung cancer, utilizes the lung cancer risk prediction model of the Liverpool Lung Project, which includes pneumonia as one of the factors (62) for selection of high-risk individuals for the trial (66) . These diseases may be useful in determining who to monitor by providing a further resolution of risk stratification, particularly as new-era screening evaluations and initiatives advance (67, 68) .
